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Abstract 
In recent years the long start-up of the ATOs and the consequent significant increase in terms of size and complexity of 
management, led the Utilities to invest much of their resources in growth in the level of knowledge of their water systems; this 
phase was also accompanied by the development and / or enhancement of software systems (Geographic Information Systems, 
Supervisory Control And Data Acquisition Systems, DSS) that can handle all the information gathered during the phases of 
growing knowledge of plants and networks. These systems are indispensable for the operational management but insufficient 
for the purposes of strategic control. This raises the need for an integration between the tools of  usual supervision and control 
and the knowledge bases which allow to overcome the limits of each basic instrument software and use the information 
available for evaluation in real time of the parameters and the management of report on run of operations as the water balance 
(according to DM 99/97 and/or to the method IWA) and the evaluation of the performance indicators. In this viewpoint  was 
realized the project of the "remote control system of the Campano Aqueduct" on behalf of the Campania Region. 
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1. From Data to Knowledge: the Evolution of Remote Control Systems 
A system of monitoring and control typically allows to acquire a series of characteristic variables of the operation of the 
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system and to give commands. In particular, the modern systems of remote control can not be separated from the contribution it 
can make the automation technology to ensure the required standards of efficiency and reliability, in accordance with the 
legislative and service. In the present project has gone beyond these basic requirements, in any case implemented state of the art 
active and massive extent in the system of the Campano Aqueduct, but was made a technological infrastructure able to use this 
information, together with other data domains, to create a knowledge base able to translate these inputs into corresponding 
actions aimed at optimizing the management and production processes, ultimate goal of this application. 
In this project we used a platform of commercial software applications, typically used for the management of drinking water 
distribution service (SCADA in the first place but also, GIS, DSS ...), components specifically designed to represent the process 
of drinking water distribution system and an expert System based on  rules able to perform operations of automated reasoning 
operating on these data. 
In this approach all the components and applications of the system are cooperating and using centralized databases to which 
all users can have access to process data and information of interest. The information platform and operational SCADA 
integrate the flow of information from the GIS, the DSS for the automatic evaluation of the water balance in accordance with 
the provisions established by the DM 99/97 and from IWA methodologies. 










Fig. 1: Integration of knowledge base 
2. The ontological approach  
The problems that had to be faced for the integration of various systems have been many. Each application of the technology 
platform can be seen as a model, and each model has a domain of knowledge, in which are contained all the elements of the 
model. There is a hierarchy, they are structured the elements belonging to the model and each element has its own meaning, a 
semantic description of what it represents. The same element can then be represented on different models. For these reasons, the 
major obstacle to the creation of an integrated technology platform is the creation of the correspondence between these 
representations. In the present application for the definition of the criteria and schematic representation of the plurality of data 
streams needed an ontological approach was used, according to shared definitions, ontology is defined as an artifact designed to 
be a domain of discourse, identifying the concepts that and the constituent relationships between them, according to a well-
defined semantics and using the tools of formal logic. 
Specifically,  has been described as the meaning of the concepts that are part of different domains to be integrated (users, 
required flow and circulation, topological and temporal dislocation, consumption, constraints on service levels etc.) Have been 
established the relationships between the very terms, has been defined so that the semantics is the '"humus" of the system and 
the assurance of the persistence of the information processed to changing conditions over time. In practice followed by the 
formalization of the databases was obtained starting from a description of the problem in literal form, in natural language, we 
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proceeded by choosing the best approach to the modeling of the system and has consequently focused on the problem of the 
definition of entities and relationships between them. These entities have become the system tables with their attributes, and 
then data types, indexes, constraints, etc.. With this approach it was possible to formalize a specific pattern of drinking water 
system that includes concepts and relations aggregated into groups of actors simple (undergoing system) and experienced actors 
(operating system). 
3. The remote control system of the Campano Aqueduct 
The project, implemented in 2012, provides for the implementation of a system of supervision and control of significant 
size, spread over a vast end varied area, characterized by the use of multiple transmission media (ISDN line, line GSM, 
GPRS/UMTS, WIFI systems) and the presence of an structured architecture with data centralization. 
The project was performed according to the criteria of flexibility and modularity to allow the system to adapt and change 
according to the changing needs of the operator, while preserving existing equipment in the network and allowing you to enter 
new control units, new signals related to new instrumentation and/ or new equipment or enter the system in a supervisory 
network even more complex. The architecture adopted allows the best use of each unit of the system, in particular the central 
computer by lightening  automation tasks local to dedicate solely to the supervision of the plant and the development and 
management of information. 
The remote control system is divided into several levels, each of which is a certain number of units. Each unit is also 
connected to the hierarchically higher, with which it exchanges information. 
The structure is hierarchical with a single directional strategic center for the whole field three operational centers, each 
responsible for managing a geographical area and structured as follows: 
Level 3 Directional Supervision Centre (Location of Saint Prisco) 
Level 2 District Operations Centres (Locations Cancello, Melito and Ischia) 
Level 1 Computer Peripherals in the field (PLC / RTU / PC) 
Level 0 Electronic instrumentation and measurement and existing electromechanical equipment in the field. 
The hierarchical structure for levels of the control system is inherently fault-tolerant because the rationale for the correct 
functioning of the plants are encoded in the lower levels of the hierarchy of elements of supervision. Responsibility of the 
higher levels of supervising the coordination of water subsystems so that the overall management is optimum. In case an 
accidental event make impossible the communication between the control centre and the periphery and thus it is not possible to 
coordinate the activities of the water subsystems  and of the individual plants, however, the lower levels of the control system 
will ensure the proper operation and safety measures exclusively at the expense of the overall performance. 
 
 
Fig. 2: Architecture of Remote Monitoring System 
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4. Data transmission 
The choice of the transmission medium to be used to take account of technical, geographical and economic limitations. In 
particular, starting from the assumption of ensuring the security of data transmission, have been considered the mutual distances 
between the plants, the presence of isolated stations or difficult to access, the possibility of installation of telephone lines, the 
costs of the transmission devices, the installation costs of the connections, the operating costs and the use of existing 
transmission media. The Directional centre is connected to the Control Centre operating with lines of communication type 
HDSL and connected to all control stations by lines GPRS 
The three sub-centres are connected to the Control Centre through strategic communication lines of type HDSL. In this way, 
the remote control system, a more modern conception, allowing greater speed of information transmission, greater safety and 
lower operating costs. 
 
Fig. 3: Ischia Island 
5. Results 
In this project, the use of tools and technologies for monitoring and control integrated with systems for decision support 
DSS (Decision Support System) and the analysis of historical data, as previously reported, has made it possible to achieve the 
following results: 
 
• make the water balance online using data from the system of supervision and control. 
• determine the performance indicator. 
• manage scenarios for the best attitude determination of the network. 
• optimize the utilization strategies of pumping stations. 
• acquire knowledge about the physical system by finding the functional relationship between the physical 
quantities monitored; 
• understanding the reasons that lead to the generation of alarms or critical situations; 
• detect any abnormal behavior of the system, as symptoms of possible faults and malfunctions; 
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• make predictions on the performance of some physical quantities in order to predict in advance any faults or 
alarms or make prior analysis on the operating costs of the system; 
• detect the degree of reliability of an alarm; 
• recognize possible alarm states that were not detected by the remote control system. 
 
 
Fig. 4: Home 3D 
 
Fig. 5: Home 3D 
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In the following we briefly describe some functional components made and some results obtained by the application of the 
approach described before. 
5.1. Datawarehouse 
An advanced supervision system uses historical data to make data analysis and research of the relationships that bind 
together the physical quantities, the events and the time. The typical problem is that often you will find useful information 
hidden in the midst of all the amount of collected data and discover is a very costly process. In addition, the increase of the 
amount of data, let difficult to analyze them to extract useful information. In consequence of this, it often happens that some 
companies have huge amounts of data, that although they may be useful to better understand the phenomena that leverage the 
operation of the aqueduct, are not used although it could bring a concrete benefit.  
For the Campano Aqueduct system, as the huge amount of data to be processed, infrastructure of data banks DataWarehouse 
have been used, ideologically performable as a large datawarehouse, containing data from different stock and pre-arranged so as 
to be able to quickly answer to queries made through an infrastructure called “cube OLAP” (On-Line Analytical Processing).  
This is a structure for storing data that allows you to perform analysis quickly, overcoming a limitation of relational 
databases that are not suitable for instantaneous processing and visualization of large amounts of data. The OLAP cube can be 
thought of as an extension of the worksheet in two dimensions. The OLAP cube has 3 to an arbitrary number of characteristics 
or dimensions of analysis. 
It should of course consider that the effectiveness of a distribution system depends on various factors among which the 
spatial and temporal variations of water demand. As the demand varies both from place to place and over time, it is critical 
evaluation of the time periods and geographical areas covered by the measurements, for these reasons, the system realized the 
definition of polling and time frequency with which the data should be presented has been the subject of detailed analysis. 
The various kind of queries automatically come from the historical archives of the SCADA. The analyzed data can, in turn, 
be reported as a simple report with the defined time intervals (monthly, bi-monthly, half-yearly, yearly ...). 
5.2. Water Balance 
The so called application "Water Balance" is an instrument able to respond to ministerial rules (DM 99/97) as closely as 
possible automated. In particular, the artifact consists of an automatic system for the improvement and rationalization of water 
resources, which allows you to compute the components of the water balance and performance indicators according to the 
approach defined by law. 
 
The automated calculation of water balance is done by collecting and processing the data in the information system consists 
of all the data produced by different applications (SCADA, GIS, User Information System, ERP,...) and allow the user to 
differentiate between primary and secondary plants, and to choose the time interval useful to assess the water balance. Because 
of the need to use and / or define a series of equations necessary for the calculation of components and indicators, the system 
allows the insertion and the customization of all of the equations in the game, both for the system of supply and distribution, 
both the different territorial components. 
 
The software also allows the export of all processes in a predefined format and suitable for the automated preparation of 
summary reports that must be submitted annually to the Ministry of Public Works. The calculation of the budget is automated 
on different levels. To this end, the implementation of the data warehouse can extract and collect all the relevant data from the 
company's information system and other existing applications (SCADA, GIS) plays an important role in the functioning of the 
application. The search can be done in several ways and the software application will use different equations to the water 
balance thus giving the user the possibility to calculate volumes with reference to the DM 99/97. 
 
You can differentiate between economic and financial balance sheets in terms of volumes of water. If it is not possible to 
have the current data from the remote control system, the system allows you to insert that data based on the values entered and 
stored in the historical database. 
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The results are made available both in tabular and through the map display area affected by water balance. 
Fig. 6: Water Balance 
5.3. Performance Indicators 
In many industries, the development of management techniques has led to the use of indicators for some time, which is 
essential to a management "by objectives". This technique consists in the definition of clear and measurable objectives to be 
reached in due time, a subsequent comparison between objectives and results, and finally, in the correction of the causes of 
deviations. The research and definition of indicators, with the consequent processing, allows you to set up new perspectives of 
management and increase readiness in decision-making as it improves the quality of information available, resulting in a more 
transparent and easier monitoring of the effects of the decisions taken . 
In this project, taking into account that the remote control, analyzes many aspects such as: 
• the quality of treated water; 
• the level of service to users; 
• management issues related to individual installations and maintenance; 
• energy saving; 
that improve the efficiency, effectiveness, productivity and quality of the service, it was possible to automatically analyze a 
range of information relating to the definition of the characteristic indicators of management, of which the following is a few 
examples. 
The analysis of the tank level can be the way to understanding the behavior of reservoirs and a comparison with statistic data 
of the previous year can indicate whether you are into the normal operation of exercise or not. 
The evaluation of the tank level can also provide information about the number of times that the tank has exceeded the 
maximum level and can support in order to optimize water resources. 
In the management of the water distribution network another important parameter to keep as much as possible under control 
is done by the pressure in the network. Low pressure may bring to an incorrect service delivery, while too high pressures can 
cause on pipes already in use for a long time leaks from the joints or breakings. 
1303 G. Patti /  Procedia Engineering  70 ( 2014 )  1296 – 1303 
To check the necessary water supply of a zone it may be useful to monitor the level of the water in order to verify the 
possibility of an over-exploitation of the sources; this over-exploitation would bring to the depletion of such data sources 
(lowering of the water with the consequent need to push deeper into the pumps with increases in pumping costs, deterioration of 
the well). 
The operation of the pumps in a distribution system uses most of the electrical energy consumed. It is therefore useful to 
study the pumping equipment in order to operate the pumps in the vicinity of the design conditions of maximum efficiency or 
however in practical conditions that minimize the cost. 
In ideal conditions, the electrical energy consumed for pumping is determined by the hydraulic aspects of the distribution 
system. However, mechanical and structural factors are closely related to energy use and the cost of pumping, consequently the 
trend of energy consumption also reflected in the general efficiency of the system. It is then important to analyze the recordings 
monthly energy expenditure for pumping; fact trends not motivated in the consumption of electrical energy may indicate the 
occurrence of some problem (e.g. breakages; incrustations; mechanical problems of the pumps; physical changes occurring in 
the network ). 
Instead as regards the alarms, the remote control system has a series of alarms, acts to indicate particular conditions due to 
exceptional circumstances or faults, and that they need human intervention. The alarms also have a certain degree of 
uncertainty, the systems presents in fact frequent generation of false alarms due to, for example, the malfunctioning of a sensor, 
or, more seriously, sometimes an unfavorable circumstance may not be detected and accordingly the situation could not be 
handled. The intelligent evaluation allows you to filter apparent alarms, and validate the functioning of instruments. 
Another analysis you can carry out is the control of the frequency of abnormal events, extrapolate the number of alarms that 
have occurred in the predetermined time intervals, allows you to highlight a recurring problem. 
5.4. Detection of water leakages 
The remote control system is also the basic tool for the detection of water leaks in real time, as it uses optimization software 
based on modern technologies (genetic algorithms) and also allows, in conjunction with other tools, to identify with a good 
approximation, a narrow portion of the network on which to make timely research of losses. 
6. Conclusions 
The remote control system in place shows how it is possible to successfully integrate multiple technologies converging into 
a single integrated system of remote water supply system applied to a large and constitutes one of the first examples in Italy of 
remote control system in real-time quality control and water supply of a regional system, assisted by Decision Support Systems 
and budget programs online that allow you to detect in real-time response capabilities to the water demands of the system, you 
change the configuration of the system to let its performance always aligned with the target management values. 
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